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@ TTL current sinking circuit with transient performance enhancement during output transition from

high to low.

@ A transient voltage difference circuit is coupled
into a TTL current sinking output circuit for transient
performance enhancement during transition from
high to low level potential at the output. The TTI
output circuit includes a pulldown transistor element
for sinking current from an output node to low poten-
tial, a base drive transistor for driving the base of a
current sinking pulldown transistor element, an input
base node of the base drive transistor coupled to
receive input signals of high and low level potential,
and a voltage clamp network coupled between the
input base node and low potential for maintaining a
potential level at the input base node sufficient to
turn on the base drive transistor. An RC network is
coupled between the input base node and low po-
tential. The resistance of the RC network is coupled
in series with the voltage clamping network adding a

¢ transient overdrive voltage in series with the clamp-

ing voltage at the input base node when the capaci-
tance of the RC network is charging through the
resistance during ftransition from low to high level
potential at the input. The RC network and the volt-

age clamp network effectively form a Y network with
the common branch coupled to the input base node
through the resistance.
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TTL CURRENT SINKING CIRCUIT WITH TRANSIENT PERFORMANCE ENHANCEMENT DURING OUTPUT
TRANSITION FROM HIGH TO LOW

The present invention relates to an improve-
ment in TTL circuits incorporating a TTL output
sinking transistor element. The invention speeds up
the high to fow transition at the TTL circuit output
by providing a transient overdrive voltage signal at
the base drive for the output current sinking tran-
sistor element. The transient performance enhance-
ment is accomplished without increasing steady
state power dissipation.

Typical TTL circuits incorporating a pulldown
transistor element for sinking current from an out-
put node include TTL buffers, TTL output gates or
devices, TTL to ECL and ECL to TTL translators,
etc. A prior art TTL output device or output circuit
is illustrated in Figure 1. The circuit is character-
ized by a pulldown transistor element Q5 which
sinks current from an output node Vg to ground or
low potential. The circuit may also include a pullup
element Z which is controlled for sourcing current
from the high potential TTL power supply Vce
through a resistance or impedance to the output
node Vo.

With respect to the pullup element Z, three
configurations of TTL output circuits may generally
be identified. First, in the case of an active transis-
tor pullup element such as a Darlington transistor
pair, the pullup and puildown transistor elements
form a totem pole output which may be controlled
with or without a phase splitter. Second, in the
illustrated example of Figure 1 the pullup element
is a passive puliup element for example such as a
resistance or reactance. Third, the circuit may be
fabricated with an open collector at the pullup
location and the user provides the pullup element,
for example a passive pullup element Z from re-
lated circuitry.

The base drive transistor Q4 controls the con-
ducting state of the pulldown transistor slement Q5
and the sourcing of current through the pullup
element Z. The puildown fransistor Q5 and pullup
element Z are generally in opposite conducting
states. In the case of an active totem pole configu-
ration of active puliup and pulldown transistor ele-
ments at the output the base drive transistor Q4
may be configured as a phase splitter transistor. In
the example of Figure 1 the base drive transistor
Q4 is an emitter follower transistor controlling the
conducting state of the pulldown transistor Q5. As
shown in Fig. 1, when Q5 is on there is current flow
through Z into Q5 to ground.

The base of transistor Q4 is coupled to the
input Vi through diode D1 at the input base node
A. The diode connected fransistors Q1, Q2 and Q3
coupled in series form a clamping network between
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the input base node A and low potential to hold the
base of transistor Q4 at a voltage level sufficiently
high to turn on Q4 when a high level potential
signal appears at the input Viy. When a logic high
level signal appears at the input node Vi, the TTL
power supply Veg or high potential delivers base
drive current through resistor R1 to transistor Q4.
When base drive transistor Q4 is conducting, sour-
cing current is diverted from the pullup element Z
through the coliector to emitter path of emitter
follower base drive transistor Q4 turning on the
pulidown transistor element Q5 with base drive
current through resistor R2. The pulldown transistor
element Q5 sinks current from the output node Vo
so that the output is at logic low level potential.

When a logic low level signal appears at the
input node Viy transistor Q4 is deprived of base
drive current and turns off. The pulidown transistor
Q5 turns off and the pullup element Z sources
current to the output Vg so that the output is at the
logic high level potential. The illustrated TTL output
circuit of Figure 1 is therefore inverting.

During transition from low to high level poten-
tial at the input Viy, the voitage V. at input base
Node A rises at a raie depending on the resistance
value of R1 and the capacitance associated with
junctions at Node A as illustrated by way of exam-
ple in Figures 2A and 28. The delay in the rise of
voltage V, at Node A combined with delays asso-
ciated with the capacitance of the output node Vg
and output load result in a total time delay TD in
the transition from high to low potential at the
output Vo as shown in Figure 2C. In order to
increase the speed of the high to low transition at
the output the resistance of R1 must be decreased
in value with the accompanying disadvantage of
larger steady state power consumption.

It is therefore an object of the present invention
to provide an improved TTL current sinking circuit
with enhanced speed during high to low transition
at the output without increasing steady state power
dissipation by the TTL circuit. This object is
achieved by the features set forth in claim 1.

Another object of the invention is to provide a
TTL output current sinking circuit with transient
performance enhancement by providing transient
overdrive voltage during transition from logic low to
high level potential at the input and logic high to
low level potential at the output.

A further object of the invention is to provide
transient performance enhancement in TTL inte-
grated circuits optimizing component parameters
available from bipolar junction wafer fabrication.

In order to accomplish these results the
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present invention provides an improvement in TTL
current sinking circuits having an output current
sinking transistor element, an input base node for
driving the output fransistor current sinking element
in response to high and low level potential input
signals at the input base node, and a voltage clamp
network operatively coupled between the input
base node and low potential for maintaining a
clamping voltage level at the input base node.
According to the invention a fransient voltage dif-
ference element is operatively coupled in series
with the voltage clamp network. The transient volt-
age difference element is constructed and arranged
to add a transient potential difference to the clamp
voltage and transiently increase base drive voltage
at the input base node A during transition from low
to high levei potential at the input. An advantage of
this arrangement is that the ftransient overdrive
voltage or enhanced base drive voltage accelerates
the transition from high to low level potential at the
output node without increasing steady state power
consumption.

The present invention is generally applicable in
TTL circuits having a pulldown transistor element
for sinking current from an output node to low
potential and a base drive transistor having an
emitter operatively coupled for driving the base of
the current sinking pulldown transistor element.
The base of the base drive transistor is operatively
coupled to receive input signais of high and low
level potential at the input base node. The conven-
tional voltage clamp is generally coupled between
the input base node and low potential for clamping
the potential at the input base node at a level
sufficient for turn on of the base drive transistor
when a logic high level signal appears at the input.

According to a preferred example embodiment,
the transient voltage difference element is provided
by an RC network in which the resistance is oper-
atively coupled to provide a potential difference in
series with the potential difference of the voltage
clamp between the input base node and low poten-
tial. The capacitance of the RC network is oper-
atively coupled between the resistance and low
potentiai so that the capacitance charges through
the resistance of the RC network during transition
at the input base node from low to high level
potential.

A feature and advantage of this circuit arrange-
ment is that a voltage drop appears across the
resistance of the RC network only during the transi-
tion from low to high level potential at the input
base node. The transient voitage drop establishes
the transient voltage enhancement above the level
of the clamp voltage at the input base node for
transient speed up and enhancement of the transi-
tion from high to low level potential at the output
node.
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According to the preferred example embodi-
ment, the capacitance of the RC network is pro-
vided by a diode connected fransistor and in par-
ticular a collector emitter shorted diode connected
transistor. The common collector emitter node is
coupled to the resistance of the RC network while
the base is coupled to low potential thereby maxi-
mizing capacitance available from the junctions of
the diode connected transistor device and limiting
current flow through the device to the charging of
the capacitance. The resistance of the RC network
is coupled between the input base node and the
capacitance and at the same time is coupled in
series with the voltage clamping network.

The typical voltage clamp network comprises
multiple diodes coupled in series to establish the
desired voltage clamping level above low potential
and the diodes may be for example diode con-
nected transistors. In the preferred example em-
bodiment a clamp transistor is coupled in series
with the diode connected transistors with the base
to emitter voltage drop Vge across the clamp iran-
sistor forming part of the voltage drop of the volt-
age clamp network. The base of the clamp transis-
tor is coupled to the node between the resistance
and capacitance of the RC network so that the
resistance of the RC network is in series with the
base to emitter voltage drop Vgg across the clamp
transistor and therefore in series with the potential
difference of the voltage clamp. The fransient volit-
age drop across the resistance of the RC network
during transition from low to high level potential at
the input therefore provides the transient enhance-
ment of voltage at the input base node above the
clamping voltage during the transient charging of
the capacitance of the RC network.

Other objects, features and advantages are ap-
parent in the following specification and accom-
panying drawings.

Figure 1 is a schematic circuit diagram of a
generalized prior art TTL output circuit.

Figures 2A, 2B and 2C are diagrammatic
graphs respectively of the voltage at the input Vi,
the voltage V, at input base node A and the
voltage level at the output Vg versus time for the
prior art TTL output circuit of Figure 1.

Figure 3 is a schematic circuit diagram of
the improved TTL output circuit with transient per-
formance enhancement according to the invention.

Figures 4A, 4B and 4C are diagrammatic
graphs respectively of the voltage level at the input
Vin, voltage level Va4 at input base node A, and
voltage level at the output Vo for the improved TTL
output circuit of Figure 3.

An improved TTL output circuit incorporating
the transient performance enhancement of the
present invention is illustrated in Figure 3. Compo-
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nents performing the same functions as those illus-
trated in the TTL output circuit of Figure 1 are
identified by the same reference designations.

In addition there is added the transient perfor-
mance enhancement RC network identified by re-
sistor R4 and the diode connected or junction
connected transistor Q6. Resistor R4 and transistor
Q6 provide the resistance and capacitance respec-
tively of the RC neiwork. Transistor Q6 is con-
nected with the collector and emitter shorted at a
common node connected to transistor R4 so that
transistor Q6 acts as a capacitor. Furthermore the
collector emitter shorted coupling maximizes the
capacitance available from the PN junctions of the
integrated circuit transistor device.

The capacitor device QB is charged through
resistor R4 by the transient charging current that is
generated during transition from low to high level
potential at input base node A. The transient voit-
age drop across R4 is the overdrive voltage above
the clamp voltage that appears at node A during
the transition. When the capacitance of capacitor
device Q6 is fully charged, the transient capaci-
tance charging current and the transient voltage
drop across resistor R4 return to zero. No further
enhancing voltage drop is created across resistor
R4 and the voltage level V4 at input base node A
returns to the clamping voltage level. The clamping
voltage level at node A is approximately 3Vge
across the base emitter junctions of diode con-
nected ftransistors Q1, Q2, and Q3, neglecting the
voltage drop produced by the base current of Q1
through R4, as compared {o the voltage drop of
Vge.

The transient voltage spike or transient over-
drive voltage in the voltage level V, appearing at
input node A during iransition from low fo high
level voltage at the input Viy is illusirated in Figs.
4A and 4B. As a resuit of the fransient overdrive
voltage spike in the base drive voltage to base
drive transistor Q4, the transition time that is the
total delay time TD in transition from high to low
level voltage at the output Vg illusirated in Figure
4C is decreased in comparison with the transition
time and total delay time of the prior art TTL output
circuit as illustrated in Figure 2C.

By way of example, the fransition speed from
high to low level potential at the output is increased
and the time delay reduced by 1.2ns at 0° C and
27°C and by 1.7ns at 125° C in the ciruit of Fig. 3
with typical values for the RC network of R4 = 10K
and the capacitance of Q6 of 3-5 pf. The transient
charging current ir charging Q6 produces a fran-
sient overdrive voltage of R4ly in the order of , for
example, 1 to 2 Vgg over the clamp voltage. The
peak V, at input base node A is therefore approxi-
mately 3.2 o 4 volts. The parameters of the RC
network and the time constant of the RC network
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may of course be selected according to the speed
of the device and the amount of transient overdrive
reguired. For example, a greater iransient overdrive
voltage may be reguired for TTL circuits with larger
output loads

In the example of Figure 3 one of the diode
connected transistors of the series diode clamping
network is modified to accommodate the resistance
R4 of the RC network in series with the voltage
drops of the voltage clamp. As shown in Figure 3
the diode connection of transistor Q1 is modified to
provide a clamp transistor with the base of transis-
tor Q1 coupled at a node between the resistance
R4 and capacitance Q6 of the RC network. As a
result, the resistor R4 of the RC network is coupled
in series with the base to emitter voltage drops Vge
of the respective transistors Q1, Q2 and Q3. At the
same time the resistor R4 is also coupled in series
with the capacitor device Q6 between the input
base node A and low potential.

By this arrangement of the voltage clamping
network with a clamp transistor Q1 in series with
diode connected resistors Q2 and Q3, the RC
network and voltage clamp network together effec-
tively provide a "Y" network through resistor R4 to
the input base node A. A transient charging current
flows through one arm of the Y charging the ca-
pacitor device Q6 and establishing the transient
voltage drop across resistor R4. The enhanced
overdrive voltage level V, at input base node A is
established through the other branch of the Y
through the voltage drops across R4 and 3 Vgg's of
transistors Q1, Q2 and Q3.

While the invention has been described with
reference to particular example embodiments it is
applicable to the full range of TTL circuits incor-
porating a pulldown transistor or output current
sinking transistor. The invention is therefore in-
tended to cover all modifications and equivalents
within the scope of the foliowing claims.

Claims

1. In a TTL current sinking circuit having an
output current sinking transistor means (Q5), an
input base node A for driving the output transistor
current sinking means in response 1o high and low
level potential input signals at the input base node,
and a voltage clamping network (Q-Qa) operatively
coupled between the input base node and low
potential for maintaining a clamping voltage level at
the input base node, the improvement comprising:
transient voltage difference means (R4, Q6) oper-
atively coupled in series with the voltage clamping
network, said transient voltage difference means
being constructed and arranged to add a transient
potential difference to the clamping voltage and
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transiently increase the voltage at the input base
node to a level above the clamping voltage during
transition from low to high level potential at the
input base node.

2. The TTL current sinking circuit of claim 1
wherein the transient voitage difference means
comprises an RC network having a resistance (R4)
operatively coupled in series with the voltage
clamping network and a capacitance (Q6) oper-
atively coupled between the resistance and low
potential.

3. A transient performance enhancement circuit
for TTL current sinking circuits having TTL output
current sinking transistor means, an input base
node for driving the output current sinking transis-
tor means in response to high and low level poten-
tial input signals, and voltage clamp means oper-
atively coupled between the input base node and
low potential establishing a clamping voltage at the
input base node, the improvement comprising:
fransient voltage drop means and fransient current
generating means coupled between the input base
node and low potential, said transient voitage drop
means being operatively coupled in series with the
voltage clamp means, said transient voltage drop
means providing a transient overdrive voltage at
the input base node above the clamping voltage
when transient current is generated by the fransient
current generating means.

4. The transient performance enhancement cir-
cuit of claim 3 wherein the transient current gen-
erating means comprises a-capacitance and the
transient voltage drop means comprises a resis-
tance, said resistance and capacitance forming an
RC network.

5. A TTL current sinking circuit having an out-
put sinking transistor element for sinking current
from an output node to low potential, a base drive
transistor element operatively coupled for driving
the base of the sinking transistor element, said
base drive transistor element having an input base
node coupled to receive input signals of logic high
and low level potential, and a voitage clamp net-
work coupled between the input base node and low
potential for maintaining a potential level at the
input base node sufficient to turn on the base drive
transistor, the improvement for transient perfor-
mance enhancement of the speed of transition
from high to low level potential at the output com-
prising:

RC network means operatively coupled between
said input base node and fow potential, said RC
network means comprising resistance and capaci-
tance, said resistance being coupled to the input
base node and in series with the voltage clamping
network for adding a transient overdrive voltage in
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series with the clamping voltage at the input base
node when the capacitance of the RC network
means is charging through the resistance.

6. The TTL current sinking circuit of claim 5
wherein the capacitance of the RC network means
comprises a diode connected transistor coupled
between the resistance of the RC network means
and low potential.

7. The TTL current sinking circuit of claim 6
wherein the diode connected transistor comprises a
collector emitter shorted transistor with a common
collector emitter node coupled to the resistance of
the RC network means and with a base coupled to
low potential.

8. The TTL current sinking circuit of claim 5
wherein the voltage clamping network comprises a
plurality of series coupled diode means.

9. The TTL current sinking circuit of claim 8
wherein the diode means of the voltage clamping
network comprise a diode connected transistor and
wherein the voltage clamping network further com-
prises a transistor element in series with the diode
elements having a base operatively coupled to the
node between the resistance and capacitance of
the RC network means so that the resistance coup-
led to the input base node is in series with the
base to emitter voltage drop Vge of the voltage
clamping network transistor element.

10. In a TTL circuit having a pulldown transistor

element for sinking current from an oufput node to
low potential, base drive transistor means having
an emitter operatively coupled for driving the base
of the current sinking pulldown transistor element
and a base operatively coupled to receive input
signals of high and low level potential at an input
base node, and voltage clamp means operatively
coupled between said input base node and low
potential for clamping the potential at said input
base node at a level sufficient for turn on of the
base drive transistor means, the improvement for
speeding up the transition from high to low level
potential at the output comprising:
RC network means comprising a resistance oper-
atively coupled to provide a petential difference in
series with the potential difference of the voltage
clamp between said input base node and low po-
tential, and a capacitance operatively coupled be-
tween the resistance and low potential whereby the
capacitance charges through the resistance of the
RC network means during transition at said input
base node from low to high level potential estab-
lishing a transient voltage enhancement above the
level of the voltage clamp means at the input base
node for transient speed up of the fransition from
high to low level potential at the output node.

11. The TTL current sinking circuit of claim 10
whersin the voltage clamp means comprises a
plurality of diode means coupled in series.
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12. The TTL current sinking circuit of claim 11
wherein the diode means comprise diode connect-
ed transistors.

13. The TTL current sinking circuit of claim 11
wherein the voltage clamp means comprises a
clamp transistor in series with said diode means,
said clamp transistor having a base coupled be-
tween the resistance and capacitance of the RC
network means so that the resistance is in series
with the base to emitter voltage drop Vge across
said clamp transistor for transient enhancement of
the voltage at said input base node above the
clamping voltage when the capacitance of the RC
network is charging during low {0 high transition at
the base node.

14. The TTL current sinking circuit of claim 10
further comprising an active pullup transistor ele-
ment operatively coupled for sourcing current from
high potential to the output node and wherein the
base drive transistor means comprises a phase
splitter transistor element operatively coupled for
controlling the conducting states of the pullup and
pulldown transistor elements.

15. The TTL current sinking circuit of claim 10
further comprising a passive pullup transistor ele-
ment operatively coupled for sourcing current from
high potential to the output node and wherein said
base drive tfransisior means comprises an emitter
follower configuration.

16. The TTL current sinking circuit of claim 1
wherein the capacitance of the RC network means
comprises a diode connected transistor.

17. The TTL current sinking circuit of claim 16
wherein the diode connected transistor comprising
the capacitance of the RC network means is a

collector emitter shorted diode connected transistor:

with the common collector emitter node coupled to
the resistance of the RC network means and the
base coupled to low potential.

" 18. The TTL current sinking circuit of claim 10
wherein the RC network means comprises series
resistance and capacitance coupled between said
base node and low potential with the resistance
coupied to the base node and wherein the voitage
clamp means comprises a clamping network of
series voltage drop means operatively coupled at
one end at a node between the resistance and
capacitance of the RC network means and oper-
atively coupled at the other end to low potential.

18. In a TTL current sinking circuit having
output current sinking fransistor means, an input
base node for driving the output transistor current
sinking means in response to high and low level
potential input signals at the input base node, and
a voltage clamping network operatively coupled
between the input base node and low potential for
maintaining a clamping voltage level at the input
base node the improvement comprising:
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a resistance and capacitance operatively coupled
between the input base node and low potential
forming an RC network with the resistance coupled
at the input base node, said resistance being coup-
led in series with the voltage clamping network for
providing a transient overdrive voltage above the
clamping voltage level at the input base node dur-
ing transient charging of the capacitance.

20. The TTL current sinking circuit of claim 16
wherein the RC network and the voltage clamping
network form a Y network with the common branch
coupled through the resistance of the RC network
to the input base node and the separate branches
coupled to low potential.
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